(I) INTRODUCTION. THE theory and practice of anaesthesia are too often spoken of as distinct and even antagonistic entities. This view is founded on a misconception, and theory is based on practice and on that alone; and if in practice by careful and accurate measurement any facts appear that are not accounted for by the theory, this must be due to some error in the latter.
There is, however, a suppressed premise in the statement of the case that is often the unconscious basis of such ideas. It does not necessarily follow that the facts observed on healthy animals can be applied without correction to the pathological conditions often met with in the human subject. It is therefore by no means waste of time to examine as carefully and accurately as may be details of anwesthesia in man that have already been carefully studied in the lower animals, and this is what has been attempted in the observations that are recorded in the present paper. Alcock: Anesthesia with known Percentages It is, perhaps, a truism to say that our knowledge of a.ny subject is in direct proportion to the accuracy with which exact measurement can be applied to it. Yet this self-evident statement is sometimes lost sight of in cases like the present, where measurement is often difficult, and in some cases still impossible. But the ideal should, always be kept in mind, and one should not feel satisfied with our knowledge of anaesthesia until we are able to predict exactly what effect will follow from the inhalation and absorption of a known quantity of the drug employed. We are still very far from this ideal, but in the present paper one of the initial steps is now taken, namely, that of measuring the percentage in the inspired air. No attempt has been made to estimate the amount of chloroform absorbed or to trace the fate of such absorbed chloroform in the body, though these factors are of supreme importance in the action of the drug. Yet in justification of the limited scope of our subject it may be urged that the percentage in the inspired air is the only factor that is under the direct control of the anmesthetist, and it is the immediate cause of all effects produced. JI) APPARATUS. In order to ascertain the strength of the chloroform vapour at any rnoment it is necessary to deliver this from some form of machine. Two methods are available for the construction of such apparatus. The first, that employed by Snow, Vernon Harcourt, and Levy, is that where the patient draws the air through the apparatus by means of his respiratory muscles, the so-called "vacuum " system. While this method lends itself to the construction of a small and compact instrument it has the disadvantage that it places some obstruiction in the way of free respiration. Whether this does much harm or not, it at least introduces an additional factor, and accordingly the second method, which has been used by Dubois, Waller, and Rbth-Drager, has been preferred. In this case the mixture is supplied to the patient by mechanical power, the so-called " plenum " system.
The apparatus finally adopted after a long series of trials was of a very simple type. It has been already described in the British Medical Journal.' Briefly, it consists of a circular copper vessel 5 in. in diameter and 4L in. deep, which contains 150 cm. of chloroform; 14 in. from the bottom is fixed a shelf closed except for two oblong holes. Immediately -above and touching this shelf is a circular plate, movable by means of a I Alcock, Brit. Med. Journ., 1908, ii, p. 372. hollow rod in the centre and pierced by two triangular apertures. These can be adjusted by the centre rod so as to expose miore or less of the fixed oblong holes in the shelf and so produce greater or smaller openings into the space below. Air (supplied from a small foot bellows or from an electric fan) enters the chamber by one tube opposite one aperture and leaves by another tube opposite the other, taking up more or less chloroform vapour according to the size of the apertures. A thermometer in the hollow rod indicates the temperature of the chloroform below, and a water jacket surrounding the chamber serves to keep the temperature between certain limits.
The first thing to be determined in an apparatus of this kind is the degree of accuracy with which it works under actual conditions of surgical ancesthesia, and this may be a very different thing from the accuracy obtained in a physiological laboratory. In the latter case all that is required to reduce the instrumental errors to a minimum is the careful application of the ordinary principles of physics, but in the anaesthesia of the human subject the first care is the condition of the patient, the second the necessities of the surgical procedure, and it is only when these requirements are satisfied that the observer can take the steps necessary to test the accuracy of the apparatus. The possible errors can be classified under three headings:
(1) Errors of the method used in testing.
(2) Errors of the chloroform apparatus itself: (a) Repetition. (1) Errors of Method.-The percentage of chloroform was determined by means of the densimetric method introduced by Waller and Geets.1 Levy2 has shown that this method gives practically identical results with that of the combustion method of Vernon Harcourt.' The maximum error under ordinary conditions does not exceed 01. per cent.-that is, 2 per cent. vapour may be read by the densimeter as 2'05 per cent. or 1P95 per cent. at the worst. As the smallest variation that can be perceived on the patient is O25 per cent. this limit of accuracy is amply sufficient. I Waller and Geets, Brit. Med. Journ., 1903 , i, p. 1421 
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These readings combine both possible errors, yet the greatest variation of any one reading was 02 per cent., and the usual variation about 0 1 per cent. or less. 
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The percentage is therefore practically constant between 20 litres and 8'5 litres per minute. Below 8'5 litres per minute the percentage falls, so that if the assistant forgets to pump or the electric fan works badly no harm is done. The usual air supply is between 16 litres and 20 litres per minute; as it is given in a constant stream, it is required to be double the normal ventilation of the lungs, which is about 10 litres per minute for the average adult.' (d) The Presence of Impurities in the Chloroform.-After the apparatus has been in use for two or three hours the chloroform is often turbid from the condensation of the water vapour in the air. This, in the quantities actually found, causes a very slight error.
Normal
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(3) Unknown Errors in the Operating Theatre.-Finally, it might be salid that under the exacting conditions in actual practice the apparatus might develop unknown errors. A typical case was therefore selected, and in the laboratory was rehearsed once again in dummy, the conditions being exactly the same except that a densimeter bulb was put in place of the patient. This preliminary work being disposed of, it was then possible to study the effect of known percentages on the human subject with some confidence that the nominal amounts were really administered. The records of the first fifty cases form the basis of this communication. While this number may seem very small to the professional anesthetist, who I A. G. Levy points out (Lancet, 1905 (Lancet, , i, pp. 1413 ) that the percentage of chloroform will be independent of the air current when in any machine the stream of air is divided so that part passes over the liquid chloroform and part direct to the patient, the perfection of adjustment depending on the relative velocity in the two paths and the amount in which viscosity comes into play in the ch]oroform airway. (In Levy's apparatus, which is of the vacuum type, the percentage is constant between the limits of 33 litres and 9 litres air stream per minute.) counts his administrations by thousands, and while it certainly is too small to allow any conclusions to be drawn as to the frequency of the more unusual occurrences, yet it is quite sufficient to provide a good deal of information on the more common features of ancesthesia in the ordinary type of case. Full notes were taken of each administration in the customary manner. But on reflection it became evident that as two factors were accurately known-(a) the percentage inhaled, and (b) the time-it was possible to plot these figures on squared paper so as to show the progress of ancesthesia in a graphic manner. Time in minutes is mneasured along the abscissa and the percentages of chloroform along the ordinate; fig. 1 may be taken as a typical curve from an average case. Such a curve deserves a little study. The first thing that is evident is the little break in the administration that occurs about the eighth minute (more or less according to circumstances). This represents the passage of the patient from the ancesthetic room to the operating theatre, and conveniently divides the record into two parts: (1) the period of induction, (2) the period of surgical procedure. Theoretically this break is a disadvantage, and it has always been made as short as possible. It serves, however, to mark the point at which the patient is ready for operation, and so it has been taken as the end point of the induction period. During this time the curve indicating the percentage rises gradually, and in the majority of the cases a regular routine was followed. An arbitrary rule was made that the percentage should have the same figure as the time. In other words, during the first quarter minute the percentage was O'25 per cent., at the half minute it was 0 5 per cent., in one minute it was 1 per cent., in two minutes 2 per cent. After this point the rise was made more gradually and depended on the condition of the patient; in an average case 2-5 per cent. was reached in three minutes, and if necessary 3 per cent. in four minutes. Several considerations determined this routine. It is necessary to remember, on the one hand, that a high percentage-over 2 per cent.-is dangerous in the early periods of ancesthesia, as Waller has shown. The absorption of chloroform is most rapid in the second minute (Brodie and Widdowes), so that here again a low percentage is indicated. Further, if 2 per cent. is given at once the patient is apt to cough and struggle, so that it is necessary to begin slowly. On the other hand, time is valuable-for most cases eight minutes to nine minutes should suffice for induction; no surgeon likes to wait for twenty imiinutes while the patient is being prepared for an operation lasting but ten minutes. There are other reasons, which are under investigation at the present time, why it is undesirable to prolong the period of induction further than safety dictates. So that the apparently arbitrary rule that was adopted is not without justification on theoretical grounds, and experience proved that it worked very well in practice. The patients go under very evenly and gradually, there is no discomfort, and there is a marked lessening of the usual struggling and excitement, very often none at all. It is not possible yet to state definitely that this arbitrary rate is invariably safe, as the present series is too short to give definite data, but no sign of danger was to be seen in any of the cases. Sometimnes a slower rate was used with good results, especially in very thin, nervous subjects and in children. In the earlier cases this slower rate was tried in ordinary cases, but here no advantages were seen and many disadvantages, so that the arbitrary rate was finally adopted. The patient was usually ready for operation in about eight to nine minutes, the minimum time being six minutes; the maximum was twelve and a half minutes ( fig. 5 ), so that aneesthesia with these known percentages need not take an unreasonable time.
It is possible to make some interesting comparisons with the "open" method. It is usually. supposed that this is specially expeditious, but in cases I have actually timed the induction period lasted from eight to ten minutes, sometimes longer. To judge from the condition of the patient, one would guess (it is little more) that ordinarily during this timie the open cone gives more than 2 per cent. in the first two mninutes and less than 3 per cent. in the last four minutes. Exact determinations of what is really given would be of great interest. One would expect to find that while the skilled professional anaesthetist would give percentages not differing greatly from what has been suggested as the optimum, the less skilled learner is much less happy in his choice.
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The second half of the curve, that which has been termed above the " period of surgical procedure," is usually (as is well shown in figs. 1 and 2) marked by a gradually decreasing series of steps. Two per cent. is generally required up to about the twentieth to the twenty-fifth minute (figs. 1, 2, and 5), then 15 per cent. to the forty-fifth minute, but the percentages in this part of the curve vary greatly. In Case 49, for example, P5 per cent. was used from the twenty-first minute till the sixty-sixth, in Case 30 ( fig. 3 ) 0 75 per cent. was given from the sixtieth minute to the one hundred and thirty-sixth, but in the majority of the cases the values are of the order given. As in any other mode of administration, the percentages must be increased a little if the patient vomits ( fig. 3 ), and it is well to increase the ainount slightly before the skin is sutured if the patient is on a low percentage or if, as in gastroenterostomy, special relaxation is required, but usually this precaution 3 0- has not been necessary. The amount of chloroform used was approximately 1 c.c. a minute, about half being inhaled, the other half passing away unused. This is rather less than is usually required for the open method, and more than by a " vacuum " inhaler.
(IV) INDIVIDUAL VARIATIONS AND UNUSUAL CASES.
The description given above applies to the great majority of the fifty cases. While it is true that no two cases are exactly alike, yet when the patient is an average specimen of adult age and the operation is not one of special difficulty it is found the anaesthetic curves show great similarity, and it is not necessary to describe each one in detail. One can therefore turn to the next part of the inquiry-namely, the consideration of the individual variations and the unusual cases. These can be classified under four main headings (1) Age.
(2) Build.
(3) Alcoholismll.
(4) Operation required. With regard to these subdivisions it will be necessary to have a nuch larger series of cases to enable very precise conclusions to be drawn. Still, certain preliminary observations can be ventured upon with a considerable degree of accuracy. objection might be raised that all fat hospital patients are so because they are alcoholic, and should therefore be included in the next section, but on this point no certain information was forthcoming.
(3) A lcoholism.-These persons took more than the average, even when not of specially stout build ( fig. 6 ). One patient, a big muscular man of 34, alcoholic, and requiring immediate laparotomy as a result of an " accident " (he had been stabbed in the abdomen just below the liver), took so much chloroformn that the machine, even at 3'5 per cent., did not give enough, and the case was finished with the cone. Here the open method must have yielded miiore than 4 per cent. at the least.
(4) Effect of the Opeation.-The Im1ost obvious variation is shown where a very prolonged operation is necessary. Fig. 3 gives the curve of such a case. It shows very clearly what has long been a comimonplace of anaesthesia, that after the first hour a very small percentage is required. A very important point was observed by Dr. Beaumont, which had been previously suspected, but of which the proof had been Dr. Matheson and I verified this on animals, and we observed in addition that the blood-pressure falls and the respiration is quickened and increased in depth. The inference is important. Ordinary anesthesia is due partly to the direct action of the drug and partly to a condition closely analogous to sleep. Violent afferent impulses remove this latter factor, exactly as in poisoning by morphia, where the patient can be roused by shaking, to sink back into narcosis when the stimulus ceases.
The reflex quickening and deepening of respiration are also worth noticing from a practical standpoint. The patient in this condition is taking in more chloroform than before, and every anaesthetist is aware of the possibility of an overdose being given under these circumstances.
The account of these series would not be colmiplete without the notes of those cases where by mistake or other cause the result was not what was expected. Four cases were abnormnal in this respect.
Case 34 ( fig. 8 ) has been already referred to, and it miiust be admitted that here the machine was at fault; such cases can only be dealt with by special miieans. In Case 12 induction was completed by the open method, but here the standard rate of increase was not adopted, and the case should hardly be counted a failure. In Case 38 ( fig. 9 ) the patient died two hours after leaving the theatre. The operation was intended to be the removal of a cerebellar tuniour; the patient was comnatose throughout. After thirty minutes the breathing becam-le emnbarrassed, the anesthetic was stopped, and the wound sewn up, no tumour being found. In thirty-eight minutes artificial respiration was resorted to, with the inhalation of oxygen and administration of strychnine; in two hours forty-three minutes the heart stopped. Post-mortem the ventricles of the brain were found to be greatly distended, and there was some basal meningitis, which prevented any relief of the ventricular pressure when the skull was opened.
Case 10 presented some interesting features. The anaesthetist was using the apparatus for the first time, and found some difficulty in translating his knowledge of anasthesia into the percentages given by the miachine. Induction was too slow (it was before the standard rate had been adopted), and when the patient was moved to the theatre a mask Description in text.
was placed over his face in transit. This evidently gave a higher percentage than was expected, and the result was that after a latent period of one minute the breathing became embarrassed and artificial respiration had to be performed, ether being used to keep up ancesthesia. The patient caine round in a very satisfactory manner, and then was given 1 per cent. and later 0 5 per cent. This latter amount, as can be seen from the other curves, was much too little for the stage of anaisthesia, and the patient began to recover consciousness. Three per cent. was then hastily given, then 2 per cent., and finally the machine was abandoned and the miiask used to finish the operation. The difficulties met with were evidently the result of the use of an unfamiliar method, but one valuable piece of information was disclosed-namely, that the effect of an overdose is not immediately seen, requiring about a minute to become evident.
(V) CONCLUSIONS.
There are many things observed from time to time in this series that fall under the class of unmeasurable phenomena. It is hoped that future work may remnove at least some of these into the category of accurate measurements, when they can be considered with more certainty than is now possible. Particularly would one wish that numerical values could be assigned to the individual variations and to the postchloroform effects that are now so meagrely dealt with. But from the facts recorded above the following points may be noted as reasonably certain :-(1) Anmesthesia with known percentages of vapour is at least as easy and certain as by the ordinary method, even when the latter is carried out by expert ancesthetists.
(2) If it is desired to induce ancesthesia in from eight to ten minutes, the ordinary adult must be given percentages rising to 2 per cent. in two minutes, then to 2' per cent. in three minutes, and this amount usually will suffice. There is no objection to raising the percentage to 3 per cent. in five minutes (not sooner) if it is required, provided due care is exercised.
(3) When induction is completed, 2 per cent. is usually ample, gradual diminution to 15 per cent. and 1 per cent. following in about twenty to twenty-five minutes, and the resulting anmesthesia is more even and regular than by the open method.
(4) Children generally require less than the above amounts-2 per cent. for induction and 15 per cent. for the later stages. Some thin adults will also require less than the average, some fat, muscular, or alcoholic adults more, but the data are not sufficient to furnish more precise rules.
(5) From the above it is evident that the general features of anaesthesia are the same in man as in the other mammalia. Minor points of difference are seen in the greater individual variations and in the percentages required, 21 per cent. in man being approximately equal to 2 per cent. in the cat. When due allowance is miiade for these differences it is legitimate to apply the conclusions deduced from experiments on animals to the human subject. When it is remembered how conclusively Waller has shown the much greater safety of a known percentage in animals the importance of this inference can be seen.
Finally, it is again my pleasant duty to convey my thanks to my colleagues at St. Mary's Hospital, who have in every way given me the kindest assistance. Particularly are my acknowledgments due to Dr. Blumfeld, Dr. Collum, and Dr. Beaumont, to whom the credit of the practical success of the method largely belongs.
DISCUSSION.
The PRESIDENT (Mr. Richard Gill), in the name of the Section, heartily congratulated Dr. Alcock on his very excellent address. He was not himself very familiar with the use of chloroform apparatus, but to those who were skilled in the use of Dr. Alcock's instrument the interesting address wouldl no doubt prove a fertile source of debate.
Dr. BLUMFELD desired to express hiis gratitude to Dr. Alcock for the immense trouble he had taken in contriving his machine, and for the assistance the author gave him in showing him exactly how to use it. That regulator gave most excellent results. He did not think it desirable to enter into the question whether or not it was desirable to use chloroform regulators; that had been done by those who could speak with more authority. With this particular machine the experienced anasthetist found an enormous saving of labour. When a comfortable point had been reached with the patient, such as it was customary to reach also with the use of the mask and drop-bottle, then it was easier to keep the patient under for such a long operation as, for instance, removal of varicose veins or a large abdominal operation, involving perhaps much manipulation. But that saving of labour for the anesthetist meant a good deal of extra labour in other directions. In a hospital theatre such a machine was of immense value, but outside he feared it was not. If each anasthetist could be supplied with a boy to work the bellows, or with an electric fan, or with a motor-car to carry the boy, the machine, and the fan, conditions would be about ideal, and he would always take Dr Alcock's apparatus witlh him. But it would be a great advantage to have such an instrument in hospital, from the teaching as well as the practical aspect, for both were included in the anesthetist's work. Without some such instrument it was impossible to teach and demonstrate on the subject with great exactitude. He had tried many of the other regulating inhalers, and though be bad had equally good results in his small experience with the Dubois inhaler, that was expensive and more cumbersome than Dr. Alcock's. He did not wish to discuss the question whether a regulator ought to be used or not, or the points which arose from the employment of a somewhat cumbrous apparatus in private practice, but the present machine was very valuable for hospital work and had given in his hands consistently good results in average cases. He was a little (at variance with Dr. Alcock as regards difficult subjects, believing that anasthesia could not well be obtained in these cases without the use of a higher percentage vapour than the inaximum supplied by Dr. Alcock's apparatus.
Dr. COLLUM said he had used the apparatus in nine or ten cases, and there were one or two points left out by Dr. Alcock which might be mentioned. In one case it was used during a mouth operation, with a mouth-tube. The facepiece was not essential. In one case he had a good deal of trouble from the fact that the pumping of the apparatus made a noise very similar to the patient's breathing. He noticed the patient seemed to be getting worse, but he thought she was breathing freely; this, however, was due to the noise of the inhaler. He ceased with the apparatus and she recovered, and matters went well afterwards. He did not think the machine had anything to do with the one death wlhich had occurred when it was used. He did not want to give an anaesthetic in that case, and had suggested that none was necessary. One side of the cerebellum had already been searched for a tumour, without success; so it was decided to search the other side, as the patient was getting worse. His pupils were unequal, one of pin-point size and the other semi-dilated. The patient was stone deaf in both ears, apparently blind, and when somewhat severely pinched on the inner side of the thigh he made no response. But as the surgeon pinched him on the scrotum and he groaned, an anaesthetic was decided on. The induction was about normal, and everything went on fairly well for about half an hour, when the breathing began to get bad. He was having about 1 per cent. of chloroform. None was given for the last five or six minutes of the operation. Ten minutes later, when the patient was on the trolley-he did not allow his removal to the ward, as he was not satisfied with him-he was still breathing, and Dr. Collum aided the respirations by a few squeezes of the chest; but, as already related, he got worse, and after exertions lasting two hours he died. He did not think the apparatus, the chloroform, or the operation could be blamed for that result. The man not only had hydrocephalus, but also old meningitis. The ventricles were greatly distended with fluid, and the brain substance was much compressed by that fluid. In addition-and it was not known during life-he had broncho-pneumonia and an abscess in the apex of the right lung. The least possible quantity of chloroform was given, and he did not know what else could have been done. If ether had been given, probably greater pressure would have been caused within the brain, and so death might have supervened more quickly. He agreed that fat patients required more than the usual quantity of chloroform. One such patient was a woman, aged 45, who was very fat, the subject of gall-stones. She had a preliminary dose of 5 gr. of morphia, and though the strength of the chloroform vapour was raised to 3' per cent., it needed thirty-five minutes' administration before she was prevented from moving. The apparatus was exceedingly interesting and it was scientific, but there was rather a lot of it, and he had already mentioned the inconvenience arising from the noise it made. And unless one had a laboratory boy to work the bellows, an electric fan was needed: he had seen the boy looking very sorry for himself after a couple of hours at the bellows in the summer time. He was certain the general practitioner would not carry it to his cases in the country if he had to travel on a bicycle. He took it that, for the expert ansesthetist, it did not much matter what apparatus he used; the results were much about the same. Dr. Blumfeld said it was a useful instrument to have in hospital for teaching students; but what was the use of teaching students what they would not be likely to use? Moreover, the number of cases the student was required to associate himself with in that regard was too small for him to learn the various methods properly. Therefore, though he thought the apparatus a valuable one, he did not see that it had a verv wide field of utility. He did not see how one was to test its accuracy. Oile would feel confidence in an instrument passed by Dr. Alcock, but if one were bought from the instrument-maker, how was one to know it was up to standard? A disadvantage in it seemed to be that it did not enable a rapid change to be made in the percentage. If the patient suddenly began to swallow, and vomiting was imminent, that event would occur unless the percentage could be rapidly changed. With Schimmelbusch's mask the chloroform could be poured on in a large dose, and nearly always prevent the vomiting. That disadvantage was also apparent when peritoneal or skin sutures were being put in at the end of an operation. Dr. A. G. LEVY said he might be allowed to supplement Dr. Alcock's valuable communication with some remarks on a considerable number of old and unpublished cases in which chloroform was administered with the apparatus he described in the Lancet, 1905 Lancet, , i, pp. 1413 He had repeatedly tested this apparatus and had always found it to work within the limits of error originally stated, and the administrations to be quoted were conducted with special precautions to ensure accuracy. He had first to record a series of unselected cases in which the vapour was purposely restricted to 2 per cent. strength as far as was possible. Starting with a very weak vapour, its strength was progressively at four minutes, 2 per cent., breathing moderate force, regular; at twenty minutes thirty seconds, 2 per cent., patient not sufficiently under; 2-5 per cent. and later 3-2 per cent. required to get patient under in twenty-five minutes from the commencement.
These cases showed, as he had always maintained, that a strict limitation to 2 per cent., such as had been advocated, did not allow sufficient scope for surgical purposes, and Dr. Alcock's observations entirely accorded with this conclusion. By allowing greater freedom in respect of the strength of vapour, a large number of cases were antesthetized successfully and uneventfully. He had had, however, the following experiences which called for comment: Case 11.-October 24, 1905. Female, middle-aged; cardiac condition sound. Operation, ventral suspension. Induction period uneventful, 3-5 per cent. being finally given for a few seconds to put the patient completely under; 2 per cent. was then reverted to. The patient was then placed in the Trendelenberg position and the operation commenced. It was found necessary to give at first 2-5 per cent., which was shortly after again reduced to 2 per cent. Soon afterwards both the pulse and breathing were noticed to be weak and the face cyanosed. The horizontal position was resumed and the administration stopped, when recovery rapidly occurred. At no time during the administration had the corneal reflex completely disappeared, and even whilst at 2-5 per cent. the patient was not deeply under.
Case 12. -July 13, 1905. Female, aged 55. Operation for large mammary carcinoma. Put under chloroform very quietly and gradually, reaching a maximum of 3 per cent. Incision made at 3 per cent., a faint corneal reflex and slight expiratory phonation being evident at the time. The index was very soon put back to 2 per cent. and maintained there, pupil being small, colour and breathing good. During the stripping of the tumour the pupils became a little bigger and the colour paler, when the vapour was reduced to 1-5 per cent., but the colour did not improve and the corneal reflex was found absent. Inhalation was then stopped. Very soon the pupils dilated and the puilse stopped, the breathing remaining good and unobstructed. The patient was placed in the "feet up " position, when the breathing ceased. Chest compression quickly oaused the breathing and pulse to return. The operation was resumed at 1 per cent., the pulse again becoming faint during the clearing of the clavicular glands. Total time of operation, forty-five minutes.
Case 13.-Administration by the " Dubois " apparatus. Female, aged 42. Operation for ovarian tumour. Commenced with 1-2 per cent.; at one minute, 1-6 per cent.; at two minutes, 2 per cent.; at nine minutes, 2 per cent., corneal reflex abated; at twelve and a half minutes, 2 per cent., corneal reflex absent. Incision of skin caused such forcible respirations that the operation was delayed until the patient was more under. At fourteen minutes, 2 per cent., operation continued; at twenty minutes, 1-6 per cent.; at twenty-three minutes, 1-6 per cent., pulse very faint; at twenty-eight minutes, pulse weak, very pale; at thirtyseven minutes, 1-6 per cent., hand in abdomen, reflex laryngeal stridor, pulse still very weak; at forty-seven minutes, 1-2 per cent.; at fifty-two minutes, 1-2 per cent., tumour removed, pulse better; 2 per cent. required during insertion of sutures.
It seemed to him that if these complications were the effect of an excess of chloroform, then it must be the case that it was not always easy to make the surgical requirements of chloroform antesthesia compatible with absolute safety. If, however, they were regarded as early forms of shock, then chloroform, in contradistinction to ether, must be held to predispose to these forms of shock.
He had now to report an unfortunate case in which sudden death occurred under 3 per cent. of chloroform. Through a regrettable mistake the anesthetist was not informed until too late that this patient was suffering from diabetes, all the more regrettable from the fact that he had been successfully anesthetized twice previously with the A.C.E. mixture.
Case 14.-1Iale, aged 47, weight 15 st., fat and flabby, pasty complexion. Under treatment for diabetes, 2-2 per cent. of sugar in the urinie (total sugar not recorded). Proposed operation, removal of big toe for necrosis; administration by Dr. Levy's inhaler; complete anwsthesia ilduced in seven minutes, with a maximum vapour of 1-8 per cent. A delay now ensued in consequence of the theatre not being ready, and the patient was allowed to come round a little, when he commenced to vomit, and the facepiece had to be removed and cleaned. There was subsequently cause for expedition, and the inhalation was continued at 3 per cent., but as the breathing was restrained and embarrassed by a tendency to retch, lhe failed to go under. Suddenly the type of breathing changed, the respirations becoming very deep and forcible; not more than six or seven of these respirations had been taken when the pupils were found to be widely dilated, the face very pale, and radial pulse imperceptible. Respiration quickly ceased. Fitful attempts at spontaneous respiration were produced by appropriate treatment, but the heart never recovered. Post-mortem, the heart was found enlarged, weighing 20 oz.; there was a considerable pad of fat on its surface, but the heart muscle was apparently normal. The liver weighed 2,200 grm., neither fatty nior cirrhosed.
T'he spleen and kidney were also enlarged.
Had this patient's diabetic condition been known, no doubt a more careful control would have been kept upon the vapour, and so his life would have been saved; but, as matters stood, the procedure adopted was opposed to the whole principle of regulated administration, and was a striking object-lesson in the dangers of the haphazard administration of chloroform. In fact, the case strongly resembled those one not infrequently saw reported, in which the patient, not being fully ancesthetized, "not more than E dr." of chloroform was poured upon a mask, and death was the almost immediate sequel. In conclusion, he congratulated Dr. Alcock upon the success of his inhaler, on its extreme simplicity, and on the scientific and clear way in which he had brought the subject before the Section.
Dr. BEAUMONT said he had been associated with Dr. Alcock in a large number of cases which had been referred to. He, like Dr. Blumfeld, had found it gave an easy and smooth anasthesia; but he had found, in a large proportion of the patients spoken of, more than the ordinary amount of vomiting afterwards; in some cases that lasted up to the third day. Another disadvantage, which was perhaps common to all machines, was that during long operations the atmosphere was so much charged with chloroform vapour that it was inconvenient to work in. He suggested that the reason stout people required more chloroform than thin ones was that, as a rule, stout people were emphysematous, and the amount of air taken in with each inspiration was very small; therefore, in order to get the requisite amount of chloroform, it must be given of high percentage. He desired to thank Dr. Alcock for the kindness with which he had helped him with his cases.
Dr. RAMSDEN asked Dr. Collum what percentage of chloroform was being taken by the man referred to by him, whose breathing failed unexpectedly.
Dr. COLLUM replied that induction occupied about ten minutes, and the strength went up to about 3 per cent. This was afterwards reduced to 2 per cent. on getting into the theatre.
Dr. ALCOCK, in reply, thanked members for the manner in which they had received his paper. Any credit attaching to the demonstration was due to the gentlemen who helped him at the hospital; he himself had been a mere appendage to the machine, which they had used as their skill directed. One of the points raised was that of portability. He agreed that it was not a very portable apparatus if compared with a mask and drop-bottle, but if necessary it could be made more so; there could be a smaller water-bath and a smaller bellows. There was also the difficulty concerning the class of person to whom it would be of service. His own opinion was that the country practitioner who had about thirty cases of anesthesia a year was the one who would find the apparatus most useful. He often was short-handed and was out of practice with anuesthetics, and the trouble in carrying the apparatus about would be more than compensated for by the ease and certainty with which the antcsthetic could be administered. The pumping noise was admittedly an inconvenience; it did not seem to matter in the laboratory, but in the operating theatre it seemed very conspicuous. The present bellows were nearly noiseless, and he hoped for still further improvement in that respect. He had taken precautions to have the machines supplied commercially carefully regulated and tested. Its accuracy depended on the sectors which slid over each other, and these were to be stamped and the hole punched out. He had tested several of the machines at random, and they were surprisingly accurate. Admittedly the rapidity of alteration was not as great with that machine as withl the mask, but he did not think that was a disadvantage. The interesting case referred to, when chloroform was given by Dr. Levy's apparatus, and where death occurred from the sudden rise from 1 per cent. to 3 per cent., showed that a sudden rise should not be carried out without a good and sufficient reason. He advised that difficulties in connexion with the operation should be foreseen and provided against by gradual alterations in strength. He had doubts as to the part played by the fat in stout people; one would naturally suppose that the chloroform would be absorbed by the fat, but the evidence was still imperfect. Possibly the shallow respirations had something to do with it. He was carrying out some experiments on animals on the point, where one could control the amount of fat and eliminate the personal factor. Obviously the apparatus could be used for mouth operations by placing another tube instead of a mask. The combination of oxygen by the machine seemed in some cases to be an advantage. One case was given to him as a test case by Dr. Willcox, that of an old lady, very fat, who was known to have a fatty heart, and from whom Mr. Collier wished to extract gall-stones. He was told that if he succeeded in anmesthetizing her, and she was safely got off the table, the machine might be regarded as a success. He gave the chloroform in the first instance by passing oxygen through the JA-9b machine in the place of air. Her colour and pulse improved very much. After ten minutes the bellows were put on, and she was anwsthetized like anyone else; there were no signs of failure through a tolerably prolonged operation. At the end of the operation the air was taken off and oxygen put on, and she came round in the usual time. Her pulse was better after the operation than before it. Where there was a suspicion of cardiac failure, he thought that was the way to attempt to prevent difficulties.
